Background: Large nationwide outbreaks of hand, foot, and mouth disease (HFMD) occurred in China from 2008; most of the cases were in children under 5 years. This study aims to identify the situation of natural human enterovirus 71 (HEV71) and coxsackievirus A16 (CVA16) infections in children before 2008 in China. Results: Retrospective seroepidemiologic studies of HEV71 and CVA16 were performed with 900 serum samples collected from children ≤5 years of age in 2005. The samples were collected from 6 different geographical areas (Anhui, Guangdong, Hunan, Xinjiang, Yunnan, and Heilongjiang provinces) in mainland China. Of the 900 samples, 288 were positive for HEV71; the total positive rate was 32.0% and the geometric mean titer (GMT) was 1:8.5. Guangdong (43.7% and 1:10.8), Xinjiang (45.4% and 1:11.1), and Yunnan (43.4% and 1:12.0) provinces had relatively high rates of infection, while Heilongjiang province (8.1% and 1:4.9) had the lowest rate of infection. On the other hand, 390 samples were positive for CVA16; the total positive rate was 43.4% and the GMT was 1:9.5. Anhui (62.2% and 1:16.0) and Hunan (61.1% and 1:23.1) had relatively high rates, while Heilongjiang (8.0% and 1:4.6) had the lowest rate. Although there is a geographical difference in HEV71 and CVA16 infections, low neutralizing antibody positive rate and titer of both viruses were found in all 6 provinces.
Background
Hand, foot, and mouth disease (HFMD) was first reported in New Zealand in 1957. Coxsackievirus A16 (CVA16) and human enterovirus 71 (HEV71), which were first isolated in Canada and USA in 1958 and 1969, respectively, are the two major causative agents of HFMD. The co-circulation of both pathogens has been described previously [1] [2] [3] . HFMD is a common infectious disease in young children, particularly in those under 5 years. The disease is typically characterized by mucocutaneous papulovesicular rashes on hands, feet, mouth, and buttocks, and the infection usually occurs as outbreaks. HFMD usually resolves spontaneously. CVA16-associated HFMD has a milder outcome, with much lower incidence of severe complications, including death [4] . In contrast, a variety of neurological diseases, including aseptic meningitis, encephalitis, and poliomyelitis-like paralysis, can sometimes develop, particularly when HEV71 is the causative agent [5] [6] [7] [8] .
In recent years, numerous large outbreaks of HFMD have occurred in eastern and southeastern Asian countries and regions, including Singapore [6] , South Korea [9] , Malaysia [10] , Japan [11] , Vietnam [12] , mainland China [2, 13] , and Taiwan [14, 15] . HFMD was first reported in mainland China in 1981 and thereafter reported in most of the provinces of China. CVA16 was isolated in stool specimens of HFMD patients in Xiamen City in 1983, and HEV71 was first isolated in clinical specimens of HFMD patients in Wuhan City in 1987 [16] . Since the epidemic developed over a relatively short time span, HEV71-associated HFMD received considerable attention from clinicians and public health officials, and HFMD was classified as a category C notifiable infectious disease (In the notifiable infectious disease reporting system in China, total 39 kinds of infectious disease should be reported and be classified as three categories including A, B and C based on their epidemic situation and harmful degree, etc. Usually the harmful degree of category C diseases was less than category A and B diseases) by the Ministry of Health of China on May 2, 2008.
Large nationwide HFMD outbreaks have occurred in China since 2008, and most of the HFMD cases in these outbreaks were in children ≤5 years [17] . However, the epidemicity of HFMD before 2008 has not been well studied, and the disease surveillance system for HFMD has not been well established. To investigate the seroepidemiology of HFMD infection in China and devise appropriate preventive measures, retrospective seroepidemiologic studies of HEV71 and CVA16 were performed with serum samples collected during 2005 in 6 different geographical areas (Anhui, Guangdong, Heilongjiang, Hunan, Xinjiang, and Yunnan provinces) in mainland China.
Results

Geographical difference in HEV71 and CVA16 infections
Among the 900 serum samples surveyed, 288 were positive for HEV71, with a total positive rate of 32.0% and GMT of 1:8.5. On the other hand, 390 samples were positive for CVA16, with a total positive rate of 43.4% and GMT of 1:9.5.
For HEV71, the positive rates of neutralizing antibody and GMTs in Guangdong (43.7% and 1:10.8, respectively), Xinjiang (45.4% and 1:11.1, respectively), and Yunnan (43.4% and 1:12.0, respectively) provinces were relatively high, whereas the values were lowest in Heilongjiang province (8.1% and 1:4.9, respectively). For CVA16, the positive rates of neutralizing antibody and GMTs in Anhui (62.2% and 1:16.0, respectively) and Hunan (61.1% and 1:23.1, respectively) provinces were relatively high, whereas Heilongjiang province (8.0% and 1:4.6, respectively) had the lowest values ( Figure 1 ).
There was an increasing tendency that the positive rate of HEV71 neutralization antibody increased with age among children aged 1-5 in Anhui, Hunan, Yunnan, Guangdong and Xinjiang provinces, and of which 3 provinces-Anhui, Hunan, and Yunnan-also appeared an similar increasing tendency about GMT of HEV71. For CVA16, both the positive rate of neutralization antibody and GMT appeared an increasing tendency with age among children aged 1-5 in Anhui and Hunan provinces ( Figure 1 ).
There was a significant difference in the positive rates of neutralizing antibody of HEV71 and CVA16 among these 6 provinces (Chi-square test, HEV71: χ 2 = 63.1, P < 0.05; CVA16: χ 2 = 173.3, P < 0.05). And there was also a significant difference in the GMTs of HEV71 and CVA16 among these 6 provinces (Mann-Whitney U test, HEV71: P < 0.05; CVA16: P < 0.05).
Low neutralizing antibody positive rate and titer of HEV71 and CVA16 in different geographical areas of China
Among the 900 serum samples surveyed, the composition ratios for the neutralizing antibody titers of <1:8, 1:8-1:64, 1:128, and ≥1:256 were 68.0%, 26.4%, 1.3%, and 4.2%, respectively, for HEV71 and 56.6%, 37.6%, 2.9%, and 2.9%, respectively, for CVA16. All the studied provinces showed low neutralizing antibody positive rate and titer of HEV71 and CVA16, especially in Heilongjiang province, where the positive rate was 8.1% for both HEV71 and CVA16. All provinces except Heilongjiang showed ≥1:256 neutralizing antibody titers of HEV71 in 38 sera samples, and 3 provinces-Anhui, Hunan, and Xinjiang-showed ≥1:256 neutralizing antibody titers of CVA16 in 26 sera samples, indicating that HFMD infection occurred in 2005 (Figure 2 ).
Discussion
The seroepidemiology of HFMD has not been well studied in China and in other countries; only a few studies on HEV71 have been conducted in Japan, Brazil, Singapore, and Taiwan [18] [19] [20] [21] . HEV71 and CVA16 infections have been responsible for outbreaks and epidemic of HFMD, although 50-80% of the infections were asymptomatic.
A serologic survey would be useful to determine the transmission of virus in a natural setting. With the detection of neutralizing antibodies, a guide for future immunization programs against HFMD could be developed. This report can also provide scientific evidences for the development of prevention and control measures against HFMD in the future. This is the first report that details the retrospective seroepidemiology of HEV71 and CVA16 in mainland China after the large-scale outbreaks occurred in 2008. The results showed a significant difference in the positive rates of neutralizing antibody and GMTs of HEV71 and CVA16 among 6 provinces in China, indicating a geographical difference in HEV71 and CVA16 infections. This research indicates that CVA16 infections occurred more frequently than HEV71 infections in east and central China, whereas HEV71 infections occurred more frequently than CVA16 infections in northwest, south, and southwest China. HEV71 and CVA16 infections were inactive in northeast China (Heilongjiang province), which may be due to the cold climate (average -14.7°C in winter season, and average 17°C in summer season), low population density (80.2 people per square kilometer in year 2010), a small number of children aged 1-5, and so on. Heilongjiang province has the lowest temperature in china, and usually human enteroviruses infection such as HFMD [13] , aseptic meningitis [22] , acute hemorrhagic conjunctivitis [23] , and poliomyelitis, has peak incidence in summer season, that is to say, Heilongjiang province may have short time window to get more human enteroviruses infections.
Although there is a geographical difference in HEV71 and CVA16 infections in the past 5 years, low positive rate and titer of neutralizing antibody against HEV71 and CVA16 were found in all 6 provinces. More than 50% of children ≤5 years had no neutralizing antibody against HEV71 and CVA16. This led to accumulation of a large number of susceptible individuals, which may be partly responsible for the nationwide large outbreaks of HFMD caused by HEV71 and CAV16 in mainland China from 2008 [17] . During the big HFMD outbreak in Anhui province in 2008, another seroepidemiology survey was conducted, it showed that the positive rates of neutralizing antibody against HEV71 among the patients aged 1-5 were 22.5-66.7%, which is a substantial increase compared to the same indicator in 2005 (0-46.2%, Figure1) among the same age group.
The number of HFMD patients in all these 6 provinces reported by the notifiable infectious disease reporting system increased dramatically since HFMD was introduced as a category C notifiable infectious disease in China. And the numbers of HFMD patients of all these 6 provinces in 2009 were 1.28-2.61 times increasing in 2008, especially in Heilongjiang province where was low immunity level against HEV71 and CVA16 in 2005, a big HFMD outbreak attacked 36237 patients with 17 death in 2009, which is 2.61 times compared with the number of HFMD patients in 2008 (data from the notifiable infectious disease reporting system in China).
No HFMD surveillance data were available for the 6 provinces before 2008. This report confirmed that HEV71 and CVA16 had wildly circulated in mainland China before the large-scale outbreaks from 2008. This finding also suggests that public health measures to control the spread of HEV71 and CVA16 should be devised according to the different regional characteristics of mainland China.
Methods
Serum samples
The material used in this study is serum samples collected from the health children ≤5 years of age for the purpose of public health initiated by Chinese Ministry of Health, and the written informed consents from all participants (their parents) involved in this study were obtained for the use of their serum samples. This study has been approved by the second session of Ethics Review Committee in Chinese Centre for Disease Control and Prevention.
Nine hundred children ≤5 years of age were surveyed. The serum samples, which had been used in a previous study on measles, were divided and stored at -40°C.
Neutralizing antibody detection
Neutralizing antibodies against HEV71 and CVA16 were detected with a neutralization test by microtechnique on human rhabdomyosarcoma (RD) cell line, as previously described with some modifications [18] . Serum samples were inactivated at 56°C for 30 min before use, and sample dilutions of 1:8 to 1:512 were assayed. Twentyfive microliters of virus, with a tissue culture infective dose (TCID 50 ) of 100, was mixed with 25 μl of the appropriate serum dilution and incubated. For the serology results where GMT is reported, 1/2 positive critical value of antibody level was look upon as the antibody titer of the negative sera and calculated.
The HEV71 isolate (subgenotype C4a, GenBank accession number: EU703812,) used in this study was isolated from a patient with HFMD in Anhui province in 2008, while the CVA16 isolate (subgenotype B1b, GenBank accession number: GQ429229) was isolated from another patient with HFMD in Shandong province in 2007 [24] .
An antibody titer of ≥8 was considered positive, and GMT was also calculated. Statistical analysis was carried out using SPSS version 13.0 software (SPSS Inc., Chicago, IL, USA), and Chi-square test was used to determine significance of neutralization antibody positive rates of HEV71 and CVA16, and Mann-Whitney test was used to determine significance of GMTs of HEV71 and CVA16 among these 6 provinces.
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